INTRODUCTION {#sec1-1}
============

Dental trauma is very common and has higher incidence in children and adolescents,\[[@ref1]\] representing a situation of urgency that includes physical and psychological issues.\[[@ref2]\] Epidemiological studies indicate that approximately one-third of children and a quarter of adolescents and adults experience some type of dental trauma throughout their lives.\[[@ref3]\]

Dental trauma corresponds to a set of impacts that affect the teeth and their support structures. Luxation injury can result in damage to the set of periodontal structures, whose severity depends on the type of injury.\[[@ref4]\] During the follow-up period of traumatized teeth, some sequelae may be found, such as pulp necrosis, pulp cavity obliteration, and root and bone resorption.\[[@ref5][@ref6][@ref7]\]

These complications may occur in weeks, months, or even years after the trauma\[[@ref8]\] and may be influenced by several factors, such as the degree of injury, time elapsed between dental trauma and endodontic treatment, the stage of root development, type of splint and splinting time, the extraoral period of the dental element, or the storage medium of an avulsed tooth.\[[@ref1][@ref6][@ref9][@ref10][@ref11]\]

Importantly, dental trauma has severe consequences, as it does not only impair the integrity of dentition, but it can also affect the individual\'s self-esteem and quality of life. The associations between posttrauma sequelae and involved factors in this sample universe have not yet been investigated; then it becomes important to know the profile of this population to contribute to this line of research and to improve the particular issues of this center of reference. In addition, from the results obtained, it will be possible to elaborate strategies to obtain a reliable collection of information and to draw up measures that allow the implementation of educational actions directed to the population, raising awareness of the occurrence of sequelae after dental trauma and the factors associated with prognosis. Thus, this study aimed to identify possible associations of the presence or absence of posttrauma sequelae with the factors inherent to the traumatized tooth and treatment.

MATERIALS AND METHODS {#sec1-2}
=====================

This research was approved by the Research Ethics Committee of the State University of Maringá (CAAE 53207716.5.0000.0104).

Data collection {#sec2-1}
---------------

This retrospective and cross-sectional study was conducted by means of the evaluation of dental records and radiographic examinations of a center of reference for dental trauma in the city of Maringá, state of Paraná, the project of extension Specialized Center of Dental Trauma of Maringá (CEMTrau/Odonto), at the State University of Maringá between January 2008 and December 2014. The demographic data of interest were: gender, age of the patient at the moment of traumatic injury, tooth affected, and cause and type of traumatic injury. Information regarding the root development stage, extra-alveolar time and storage medium of an avulsed tooth, type of splint and splinting time, intracanal medication, pulp necrosis, and root resorption were also collected \[[Table 1](#T1){ref-type="table"}\]. The information contained in the records along with the periapical radiographs were analyzed by an evaluator, using a magnifying glass and negatoscope.

###### 

Variables and subdivisions

![](EJD-11-275-g001)

Injuries to hard tissues and alveolar bone, root and crown-root fractures, teeth that had already undergone endodontic treatment, avulsed teeth that were not reimplanted, patients who did not complete the treatment, follow-up of \<1 year in trauma with periodontal damage, dental records with no radiographs, and no information about the trauma were excluded from the study.

Classification of variables {#sec2-2}
---------------------------

The stage of root development was determined through the evaluation of periapical radiographs of the initial examination. Teeth were divided into two groups: open and closed apex.\[[@ref12][@ref13]\]

The time elapsed between the trauma and the endodontic treatment, the duration of intracanal medication, and the splinting time were evaluated in days.\[[@ref14][@ref15]\] The extra-alveolar period was classified according to the time that is considered critical for the survival of periodontal ligament cells: less than 60 min and ≥60 min.\[[@ref15]\]

Diagnosis of posttrauma sequelae {#sec2-3}
--------------------------------

Diagnosis of pulp necrosis was based on the following clinical and radiographic criteria: the absence of pulp sensitivity through thermal pulp testing, crown color change, apical radiolucency, presence of fistula, or no painful response in the cavity test.\[[@ref16][@ref17]\]

The inflammatory root resorption was evidenced by the radiolucency adjacent to the bone tissue.\[[@ref18]\] In turn, the replacement resorption was diagnosed by the loss of dental tissue of the root with consequent substitution by bone tissue and loss of the periodontal ligament and by a metallic sound when the tooth was submitted to vertical percussion \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref6]\]

![Root resorption. (a) Inflammatory root resorption (b) replacement resorption](EJD-11-275-g002){#F1}

Statistical analysis {#sec2-4}
--------------------

The aim of the study was to identify the factors that determine the presence and absence of pulp necrosis, inflammatory root resorption, and replacement resorption; however, due to the small number of cases observed in the categories of variables, a variable response of interest was regrouped in the presence and absence of posttrauma sequelae. Thus, multivariate logistic regression was adopted to determine odds ratios (OR). The criterion of selection and exclusion of the variables in the model was followed by the methodology of Hosmer *et al*.,\[[@ref19]\] using a level of significance of 5%. Data obtained and analyzed statistically using the statistical Software R version 3.1.0 (R Development Core Team (2014), R: A Language and Environment for Statistical Computing. Vienna, Austria: the R Foundation for Statistical Computing. Available online at <http://www.R-project.org>.

RESULTS {#sec1-3}
=======

The present study surveyed 531 dental records of patients treated between January 2008 and December 2014, of which 461 were excluded from this study. The population of traumatisms with dental damages was composed of 70 patients, in which 145 teeth were examined.

Of the 145 teeth that suffered damage to the periodontal tissues, 50% presented some type of sequelae, including inflammatory root resorption (16%), replacement resorption (8%), and pulp necrosis (37%) \[[Table 2](#T2){ref-type="table"}\].

###### 

Frequency of sequelae according to the type of injury
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The binomial logistic regression revealed that male and avulsion presented 2.79 and 7.53 times more chances, respectively, to exhibit a posttrauma sequel. The OR was also higher for teeth that took between 16 and 60 days (12.27 times more chance) and an elapsed time \>60 days (21.71 times more chance) between trauma and endodontic treatment \[[Table 3](#T3){ref-type="table"}\].

###### 

Binomial logistic regression of sequelae in relation to gender, time elapsed between trauma and endodontic treatment, and type of injury (*P*\<0.05)
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DISCUSSION {#sec1-4}
==========

Dental trauma involves the hard tissues and pulp, gingiva and/or oral mucosa, periodontal ligament, cementum, and bone tissue,\[[@ref20]\] and the survival of the traumatized tooth will depend on factors related to the tooth/patient (gender, type of injury, and stage of root development), posttrauma care by the patient (storage medium and extra-alveolar period of an avulsed tooth) and also the treatment chosen after trauma (time elapsed between dental trauma and endodontic treatment, type of splint and splinting time, intracanal medication, and time using this medication).\[[@ref9][@ref11][@ref15]\]

Posttraumatic complications were found in 73 teeth (50%), in which pulp necrosis was the most common.\[[@ref5][@ref21]\] Mild luxation, such as concussion and subluxation, presented few complications, corroborating previous studies,\[[@ref7][@ref13]\] and studies have revealed that tooth crown fractures concomitant with these luxations increase the risk of pulp necrosis.\[[@ref22][@ref23]\] On the other hand, lateral and extrusive luxations showed a better prognosis than more severe luxation but with few cases of root resorption.\[[@ref24][@ref25]\]

Intrusion is a severe injury, as it promotes the crushing of fibers of the periodontal ligament, causes a lesion in the bone tissue and cementum and disrupts the neurovascular supply. Therefore, the repair process may be accompanied by a series of posttrauma complications and the occurrence of pulp necrosis is inevitable.\[[@ref20]\] According to some studies, the frequency of complications varies from 85% to 100% and is related to the root development.\[[@ref8][@ref9]\] Despite this, Humphrey *et al*.\[[@ref12]\] reported a lower frequency of pulp necrosis (45%), in which the majority of the teeth (58%) had open apex, which is consistent with the findings of this study that observed a frequency of 33% in teeth with intrusive luxation. Intruded teeth also presented a low frequency of inflammatory root resorption (11%) and no replacement resorption. In general, 4 teeth (44%) had posttrauma sequelae and 5 teeth (56%) had not. This low frequency of complications in relation to intruded teeth can be related to the open apex at the time of the trauma\[[@ref9][@ref26]\] and the size of the sample (*n* = 9), which may be related to the late treatment demand since many patients initially go to the hospital. Thus, in this period, there is spontaneous eruption of the intruded tooth, which reduces the number of intrusions.

Avulsion was the injury that showed more sequelae (82%), contributing with 52% pulp necrosis, 39% inflammatory root resorption, and 18% replacement resorption \[[Table 2](#T2){ref-type="table"}\]. For a clinical approach, considering the presence of all variables evaluated, a binomial logistic regression model was run. In [Table 3](#T3){ref-type="table"}, it was observed that the avulsion was associated with 7.53-fold increase in the odds of obtaining a complication in comparison to the baseline subluxation (OR: 7.53; confidence interval \[CI\]: 1.07--63.21). In the test in question, the avulsion was not compared to the concussion because the number of cases was very small (*n* = 5). This small number of cases of concussion can be attributed to the fact that clinically there is no change in a tooth that has suffered concussion, in this way it is common for the patient not to seek immediate care, which also implies an underdiagnosis by the dentist.

The results of this study confirmed that being male is a predisposing factor to the occurrence of dental injuries\[[@ref2]\] and consequently to the appearance of complications. In addition to avulsion and males, binomial logistic regression revealed that the time elapsed between all luxations \>16 days between the time of trauma and the beginning of endodontic treatment presented a greater chance of presenting a complication (OR: 12.27, CI: 3.08--64.80), as well as when the time is \>60 days (OR: 21.71; CI: 6.76--88.79). Consistent with our results, Hinckfuss and Messer\[[@ref14]\] in a meta-analysis concluded that periodontal healing is improved with pulp extirpation within 14 days. In addition, a late pulp extirpation, beyond 3 weeks, is related to a high frequency of inflammatory root resorption.\[[@ref1][@ref27]\]

Currently, in cases with indication of endodontic treatment, the optimal time to initiate treatment in avulsed teeth is 7--10 days\[[@ref15][@ref28]\] and to minimize or prevent an inflammatory resorption, an early extirpation of the pulp should be performed.\[[@ref29]\] Nevertheless, in teeth with open apex, endodontic treatment may be postponed, as it is possible that revascularization of the pulp occurs.\[[@ref15]\]

Reasons inherent to the patient, such as incomplete information about the history of the trauma, seek care late, discontinuation of treatment, and the failure to accurately fill the records on the factors relevant to trauma represent a limitation of observational studies. The lack of commitment of the patient to the periodic follow-up of these injuries could be experienced in this study, which is not reported in retrospective studies.\[[@ref7][@ref26]\] This follow-up is essential for the early diagnosis of complications subsequent to the trauma.\[[@ref5][@ref8]\] In this sense, it is suggested educational actions\[[@ref30]\] aimed at the population on posttrauma complications and related factors, as well as the improvement of the data collection system, such as the use of electronic records, photographic documentation, and the use of digital radiographs for better follow-up in the long term.

CONCLUSIONS {#sec1-5}
===========

Considering the methodology proposed and limitations of this study, we conclude that: bearing in mind that dental trauma is a dynamic and multifactorial aspect, which involves countless variables, male patients, avulsion injury, and time elapsed between dental trauma and the beginning of endodontic treatment \>16 days presented a higher chance for the occurrence of sequelae.
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